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Cerebral Vasospasm with Delayed Ischemic Neurologic 
Deficit after Unruptured Aneurysm Surgery : Report of 
Two Cases and Review of the Literature
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Symptomatic cerebral vasospasm (CVS) and delayed ischemic neurologic deficit (DIND) after unruptured aneurysm surgery 
are extremely rare. Its onset timing is variable, and its mechanisms are unclear. We report two cases of CVS with DIND after 
unruptured aneurysm surgery and review the literature regarding potential mechanisms. The first case is a 51-year-old woman 
with non-hemorrhagic vasospasm after unruptured left anterior communicating artery aneurysm surgery. She presented with 
delayed vasospasm on postoperative day 14. The second case is a 45-year-old woman who suffered from oculomotor nerve palsy 
caused by an unruptured posterior communicatig artery (PCoA) aneurysm. DIND with non-hemorrhagic vasospasm developed 
on postoperative day 12. To our knowledge, this is the first report of symptomatic CVS with oculomotor nerve palsy following 
unruptured PCoA aneurysm surgery. CVS with DIND after unruptured aneurysm surgery is very rare and can be triggered by 
multiple mechanisms, such as hemorrhage, mechanical stress to the arterial wall, or the trigemino-cerebrovascular system. For 
unruptured aneurysm surgery, although it is rare, careful observation and treatments can be needed for postoperative CVS with 
DIND.
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INTRODUCTION

Cerebral vasospasm (CVS) with delayed ischemic neurolog-

ic deficit (DIND) is a well known serious complication of an-

eurysmal subarachnoid hemorrhage (aSAH), occurring in 

20% to 40% of patients1). It is characterized by arterial nar-

rowing seen on cerebral angiography and presents as a neuro-

logic deficit after aSAH9). Although the exact pathogenesis of 

DIND after SAH is not entirely clear, a thick subarachnoid 

clot filling with cistern or fissure had been regarded as an in-

dependent predictor5).

CVS with DIND after unruptured aneurysm clipping sur-

gery is extremely rare. To the best of our knowledge, there are 

14 cases with DIND after unruptured aneurysm surgery in 

the literature, with one study reporting only a 0.08% incidence 

rate for 2427 patients19). Perhaps because of its rare incidence, 

there has been little attention paid to this condition.

We report two cases of CVS with DIND from 1075 patients 

who underwent unruptured clipping surgery between January 

2010 and April 2020 at a single institution. We also review the 
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literature to provide additional clinical and pathological infor-

mation on this rare neurologic complication to contribute to 

the understanding of DIND after unruptured aneurysm sur-

gery.

CASE REPORT

Case 1

History and examination
A 51-year-old right-handed woman underwent magnetic 

resonance imaging (MRI) of the head to investigate intermit-

tent headache and an unruptured aneurysm was observed. A 

cerebral angiogram showed a 5-mm-diameter left anterior 

communicating artery aneurysm.

Operation
A left small supraorbital craniotomy exposed a lesion at the 

A1–A2 junction. Careful dissection of the aneurysm revealed 

a fragile wall with a daughter sac. The aneurysm had adhesion 

to the frontal lobe and a small perforating artery. During dis-

section of the aneurysm, it ruptured. Immediately, a temporal 

clip was applied to the left A1, and a permanent clip was suc-

cessfully applied to the neck of the aneurysm.

Postoperative course
A routine postoperative computed tomography (CT) scan 

on the next day following surgery showed no blood in the syl-

vian fissure and basal cisterns. A postoperative CT angiogram 

showed successful clipping of the aneurysm and no vaso-

spasm (Fig. 1A). The patient was discharged on postoperative 

day 8 without any neurological deficit. On postoperative day 

14, however, motor dysphasia developed. Emergency MRI 

showed no acute infarction. A subsequent cerebral angiogram 

revealed vasospasms at the left proximal anterior communi-

cating artery and left middle cerebral artery (MCA) (Fig. 1B). 

The vasospasms were treated with a 2 mg intra-arterial (IA) 

nimodipine injection. The patient was discharged with no re-

sidual neurological deficit.

Case 2

History and examination
A 45-year-old woman presented with a 1-day history of oc-

ulomotor nerve palsy of the left eye caused by an unruptured 

posterior communicating artery (PCoA) aneurysm (Fig. 1C). 

She had suffered from ptosis of the upper eyelid and the up-

ward, downward, and medial gaze of the left eye was signifi-

cantly impaired. The pupil was also dilated and slightly reac-

tive to light.

Operation
She underwent surgery via a supraorbital craniotomy on the 

day of admission. The aneurysm was laterally positioned be-

low the sphenoid wing. After drilling of the sphenoid wing, 

neck clipping was successfully done. A puncture of the aneu-

rysm fundus was not undertaken. There was no rupture event 

during the operation.

Postoperative course
Immediate postoperative CT showed no subarachnoid 

hemorrhage. On postoperative day 2, the left ptosis was com-

pletely resolved, and gaze impairment also recovered. She had 

A b c d

Fig. 1. A : Preoperative angiography of case 1. b : Postoperative angiography of case 1 presenting significant cerebral vasospasm on the left middle 
cerebral artery and A1. c : Preoperative angiography of case 2. d : Postoperative angiography of case 2 presenting significant cerebral vasospasm on left 
A1 and M1 segment.
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no neurologic deficit until postoperative day 12. On postoper-

ative day 12, she presented with motor dysphasia and right 

hemiparesis. Cerebral angiography revealed significant vaso-

spasm on the left A1 and M1 segment (Fig. 1D). After the IA 

nimodipine injection, the vasospasm was resolved on follow 

up angiography. The patient also fully recovered a few days 

after IA nimodipine.

DISCUSSION

CVS with DIND after unruptured aneurysm surgery is 

rare. We provide a review of the relevant literature. Then we 

discuss possible causes including hemorrhage, mechanical 

stress, and TCVS. Then we review our two cases with respect 

to these three possible causes of pathogenesis.

In our review of the literature, there have been 14 previous 

cases of CVS with DIND following unruptured intracranial 

aneurysm surgery3,4,10,11,14,16,17,19). All cases had no SAH prior to 

unruptured aneurysm surgery. Clinical characteristics, artery 

of origin, size of aneurysm, time to onset of DIND, and post-

operative courses are described in Table 13,4,6,10,11,14,16,17,19,20). 

Thirteen patients who suffered from DIND after unruptured 

clipping surgery were female, and only one patient was male. 

All aneurysms and CVSs after surgery were in the anterior 

circulation. All vasospasms were localized at the site of ap-

proach for the aneurysm. The size of aneurysm varied from 4 

mm to 8 mm, and did not include large aneurysms. Two of 14 

cases showed perioperative hemorrhage after postoperative 

CT, and the other 12 cases did not show postoperative hemor-

rhage. Paolini et al.17) reported their vasospasm cases presented 

a small perioperative hemorrhage in the frontal lobe due to 

brain retraction after uneventful aneurysm surgery. The onset 

times of DIND varied considerably, ranging from 16 hours to 

28 days after surgery. The mean onset time was 10.5 days for 

the 14 unruptured aneurysm patients. Three cases of early va-

sospasm occurred within 4 days after the operation, and 11 

cases were delayed.

The first and most common cause of CVS with DIND is 

hemorrhage. In subarachnoid hemorrhage, several chemical 

products generating by erythrocyte and their breakdown 

products such as oxyhemoglobin have been regarded as a me-

diator of vasospasm. Oxyhemoglobin released from lysed 

erythrocytes produces reactive oxygen species (ROS) that ac-St
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tivates the Rho kinase and protein kinase C pathways, which 

are known to cause smooth muscle contraction13). In addition, 

ROS and oxyhemoglobin may inhibit nitric oxide (NO) syn-

thase thereby decreasing the levels of NO, which can have a 

direct effect on arterial smooth muscle contraction. In addi-

tion, the production of endothelin, the most potent vasocon-

strictor in both vascular endothelial cells and smooth-muscle 

cells generated by oxyhemoglobin, also may have a significant 

role in the pathogenesis of CVS13). Because of these mecha-

nisms, a thick subarachnoid clot filling with a cistern or fis-

sure has been regarded as an independent predictor of CVS5).

The second cause of CVS with DIND is mechanical stress. 

Mechanical stress is caused by operative manipulation and is 

another possible factor of cerebral ischemia after an opera-

tion. Dissection of the sylvian fissure, manipulation of MCA 

branches, and clipping and manipulation of the sac to dissect 

adhesion that irritates the endothelium of the aneurysm may 

induce a vasocontraction response along the vessels. Surgical 

manipulation of an aneurysm sac next to the midline on the 

hypothalamus has also been suggested as a possible mecha-

nism of CVS after unruptured ophthalmic aneurysm surgery. 

However, these mechanical stresses influence the acute phase 

of an operation, so delayed onset of CVS suggests that me-

chanical stress may not explain all cases.

The third cause of CVS with DIND is the trigemino-cere-

brovascular system (TCVS). TCVS has been also suggested as 

a possible factor of DIND and CVS. TCVS, the complex nerve 

network surrounding the arteries of the Willis circles, may be 

involved in maintaining a normal vessel diameter by the re-

lease of vasodilatory peptides18). Calcitonin gene-related pep-

tides (CGRPs) are among the most potent microvascular va-

sodilatory peptides. Vasoconstriction is supposed to be 

associated with a decrease in CGRP levels in the nerves and an 

increase in CGRP levels in blood15). In SAH patients, the level 

of CGRP has been significantly decreased in severe CVS pa-

tients7). This suggests that the stimulation of TCVS nerve end-

ings by blood breakdown products or surgery itself is sup-

posed to activate the release of CGRP, which can lead to a 

delayed depletion of these CGRPs and may induce vaso-

spasm2,7).

The first case of our reports presented non-hemorrhagic 

symptomatic CVS after elective clipping surgery. Although 

there was no perioperative hemorrhage on the postoperative 

CT scan, the aneurysm instantaneously ruptured during the 

operation. In the previous literature, mechanical stress occur-

ring on the arterial wall has been investigated as possible 

source of spasm8,12). We suggest that a momentary rupture can 

provoke stress on the arterial wall, which may cause mechani-

cal stress and be a possible factor of DIND.

The second case of our reports may be caused by a combi-

nation of mechanical stress and TCVS. To the best of our 

knowledge, there are no reports of DIND where the operation 

for an unruptured PCoA aneurysm was associated with ocu-

lomotor nerve palsy. During the operation for the neck clip-

ping, drilling of the sphenoid wing was performed. Kitazawa 

et al suggested that drilling of the anterior clinoid process and 

incision of the dural ring can be responsible for causing vaso-

spasm following internal carotid artery (ICA) aneurysm clip-

ping surgery14). As sphenoid wings are near the anterior clinoid 

process and the dural ring of ICA, drilling of the sphenoid 

wing might provoke mechanical stress causing vasospasm. It 

may also be correlated with the stimulation of TCVS. The 

ophthalmic division of the trigeminal nerve that is innervated 

with intracranial vessels, meninges, and dura can be stimulat-

ed by mechanical stress due to drilling7,18).

CONCLUSION

CVS and delayed ischemic neurological deficit after unrup-

tured aneurysm surgery is very rare. Its etiology and patho-

physiology can be triggered by many mechanisms, such as 

chemical stimuli of blood breakdown products caused by 

hemorrhage, mechanical stress to an arterial wall, or TCVS. 

However, several cases show that vasospasm may recover with 

appropriate treatment. For unruptured aneurysm surgery, cli-

nicians can keep in mind that careful observation and treat-

ments may be needed for potential postoperative CVS with 

DIND.

CONFLICTS OF INTEREST

No potential conflict of interest relevant to this article was 

reported.



J Korean Neurosurg Soc 64 | July 2021

670 https://doi.org/10.3340/jkns.2020.0206

INFORMED CONSENT

Informed consent was obtained from all individual partici-

pants included in this study.

AUTHOR CONTRIBUTIONS

Conceptualization : MK, JP

Data curation : MK, WS, DHK, JP

Formal analysis : MK, WS

Methodology : DHK, JP

Project administration : DHK, JP

Visualization : MK

Writing - original draft : MK

Writing - review & editing : MK, WS, JP

ORCID

Myungsoo Kim	 https://orcid.org/0000-0003-2764-2508

Wonsoo Son	 https://orcid.org/0000-0003-1148-1404

Dong-Hun Kang	 https://orcid.org/0000-0002-2977-9340

Jaechan Park	 https://orcid.org/0000-0001-7572-3260

References

  1. 	 Al-Tamimi YZ, Orsi NM, Quinn AC, Homer-Vanniasinkam S, Ross SA : 

A review of delayed ischemic neurologic deficit following aneurysmal 

subarachnoid hemorrhage: historical overview, current treatment, and 

pathophysiology. World Neurosurg 73 : 654-667, 2010

  2. 	 Arienta C, Balbi S, Caroli M, Fumagalli G : Depletion of calcitonin gene-

related peptide in perivascular nerves during acute phase of posthemor-

rhagic vasospasm in the rabbit. Brain Res Bull 27 : 605-609, 1991

  3. 	 Bloomfield SM, Sonntag VK : Delayed cerebral vasospasm after uncom-

plicated operation on an unruptured aneurysm: case report. Neurosur-
gery 17 : 792-796, 1985

  4. 	 Campe C, Neumann J, Sandalcioglu IE, Rashidi A, Luchtmann M : Va-

sospasm and delayed cerebral ischemia after uneventful clipping of an 

unruptured intracranial aneurysm - a case report. BMC Neurol 19 : 
226, 2019

  5. 	 Claassen J, Bernardini GL, Kreiter K, Bates J, Du YE, Copeland D, et al. : 

Effect of cisternal and ventricular blood on risk of delayed cerebral isch-

emia after subarachnoid hemorrhage: the Fisher scale revisited. Stroke 
32 : 2012-2020, 2001

  6. 	 Cuoco JA, Guilliams EL, Rogers CM, Patel BM, Marvin EA : Recurrent 

cerebral vasospasm and delayed cerebral ischemia weeks subsequent 

to elective clipping of an unruptured middle cerebral artery aneurysm. 

World Neurosurg 141 : 52-58, 2020

  7. 	 Edvinsson L, Juul R, Jansen I : Perivascular neuropeptides (NPY, VIP, 

CGRP and SP) in human brain vessels after subarachnoid haemorrhage. 

Acta Neurol Scand 90 : 324-330, 1994

  8. 	 Findlay JM, Macdonald RL, Weir BK, Grace MG : Surgical manipulation 

of primate cerebral arteries in established vasospasm. J Neurosurg 75 : 
425-432, 1991

  9. 	 Frontera JA, Fernandez A, Schmidt JM, Claassen J, Wartenberg KE, 

Badjatia N, et al. : Defining vasospasm after subarachnoid hemorrhage: 

what is the most clinically relevant definition? Stroke 40 : 1963-1968, 

2009

10. 	 Gutiérrez O, Caldas JG, Rabello JP : Unruptured aneurysm: vasospasm 

after surgery and endovascular treatment. A case report. Interv Neu-
roradiol 7 : 37-39, 2001

11. 	 Hashimoto H, Kameda M, Yasuhara T, Date I : A case of unexpected 

symptomatic vasospasm after clipping surgery for an unruptured intra-

cranial aneurysm. J Stroke Cerebrovasc Dis 25 : e25-e27, 2016

12. 	 Hosoda K, Fujita S, Kawaguchi T, Shose Y, Hamano S, Iwakura M : Ef-

fect of clot removal and surgical manipulation on regional cerebral blood 

flow and delayed vasospasm in early aneurysm surgery for subarachnoid 

hemorrhage. Surg Neurol 51 : 81-88, 1999

13. 	 Kasuya H, Weir BK, White DM, Stefansson K : Mechanism of oxyhemo-

globin-induced release of endothelin-1 from cultured vascular endothe-

lial cells and smooth-muscle cells. J Neurosurg 79 : 892-898, 1993

14. 	 Kitazawa K, Hongo K, Tanaka Y, Oikawa S, Kyoshima K, Kobayashi S : 

Postoperative vasospasm of unruptured paraclinoid carotid aneurysms: 

analysis of 30 cases. J Clin Neurosci 12 : 150-155, 2005

15. 	 Kokkoris S, Andrews P, Webb DJ : Role of calcitonin gene-related pep-

tide in cerebral vasospasm, and as a therapeutic approach to subarach-

noid hemorrhage. Front Endocrinol (Lausanne) 3 : 135, 2012

16. 	 Marco C, Monica T, Pasquale A, Alessandro P, Alessandro D, Gianluigi 

Z, et al. : A case report of cerebral vasospasm following elective clipping 

of unruptured aneurysm: pathogenetic theories and clinical features of a 

dangerous underestimated event. Science Repository 3 : 1-6, 2020

17. 	 Paolini S, Kanaan Y, Wagenbach A, Fraser K, Lanzino G : Cerebral vaso-

spasm in patients with unruptured intracranial aneurysms. Acta Neu-
rochir (Wien) 147 : 1181-1188, 2005

18. 	 Tsyben A, Paldor I, Laidlaw J : Cerebral vasospasm and delayed isch-

aemic deficit following elective aneurysm clipping. J Clin Neurosci 34 : 
33-38, 2016

19. 	 Uddman R, Edvinsson L, Ekman R, Kingman T, McCulloch J : Innervation 

of the feline cerebral vasculature by nerve fibers containing calcitonin 

gene-related peptide: trigeminal origin and co-existence with substance 

P. Neurosci Lett 62 : 131-136, 1985

20. 	 Yang K, Ahn JS, Park JC, Kwon DH, Kwun BD : Clinical and angiographi-

cal delayed cerebral vasospasms after uncomplicated surgical clipping 

of unruptured intracranial aneurysms: illustrated review and two case 

reports. Turk Neurosurg 25 : 662-665, 2015


